Context. Over the last decade, several groups of young (mainly low-mass) stars have been discovered in the solar neighbourhood (closer than ∼100 pc), thanks to cross-correlation between X-ray, optical spectroscopy and kinematic data. These young local associations -including an important fraction whose members are Hipparcos stars -offer insights into the star formation process in low-density environments, shed light on the substellar domain, and could have played an important role in the recent history of the local interstellar medium. Aims. To study the kinematic evolution of young local associations and their relation to other young stellar groups and structures in the local interstellar medium, thus casting new light on recent star formation processes in the solar neighbourhood. Methods. We compiled the data published in the literature for young local associations. Using a realistic Galactic potential we integrated the orbits for these associations and the Sco-Cen complex back in time.
Introduction
The first moving groups of stars were discovered early on in the history of Galactic dynamics. As early as 1869, R.A. Proctor published a work in which he identified a group of stars around the Hyades open cluster that was moving together through the Galaxy. He also found another 5 comoving stars in the Ursa Major constellation. In the 1960s, O.J. Eggen suggested the existence of a Local Association (see for example Eggen 1961 Eggen , 1965a Eggen , 1965b formed by a group of young stars with approximately the same spatial velocity (also referred as the Pleiades moving group). Eggen's Local Association included the nearest bright B-type stars, stars in the Pleiades, the α Perseus and IC2602 clusters, and the stars belonging to the Sco-Cen complex. However, it was difficult to defend a unitary view of the group due to the wide range of ages ( < ∼ 100 Myr) and widespread spatial distribution (∼300 pc) of its constituent stars.
At the same time as Eggen was studying his Local Association, the first X-ray detectors were installed in rockets and launched into space. This led to the discovery of the diffuse soft X-ray background (SXRB). The anticorrelation observed between the SXRB and the HI column density was rapidly interpreted as evidence of a local cavity in the interstellar medium (ISM) filled by an X-ray emitting plasma, which became known as the Local Bubble (LB). The launch of the ROSAT satellite in 1990 allowed the LB to be studied in more detail. The opening of the X-ray window in the sky and observations of stars belonging to clusters with known ages also led to the realisation that Xray emission persists in young stars for a period of the order of 100 Myr. An important fraction of these young, X-ray emitting stars are T Tauri stars. These very young ( < ∼ 10 Myr) stars also exhibit excess IR emission (due to the presence of nearby heated dust particles forming disks or envelopes) as well as UV line and continuum emission produced by the accretion of the surrounding gas and dust. When the stars reach the age of ∼10 Myr, both IR emissions and optical activity decline considerably. X-ray activity then becomes the basis for ascertaining youthfulness.
The ROSAT All-Sky Survey (RASS) detected more than 100,000 X-ray sources at keV energies (Voges et al. 2000) . Using a kinematic approach and searching for groups of comoving stars allows us to determine which of them are T Tauri stars. This greatly reduces the number of candidate stars that must be observed spectroscopically to confirm their youthfulness.
In this way, several young stellar associations have been discovered within 100 pc of Earth during the last decade (see Jayawardhana 2000, and for a recent review). The stars belonging to these young local associations (YLA) have ages ranging from a few million to several tens of millions of years. Due to their proximity to us, these stars are spread over a large area of the sky (up to several hundred square 2 D. Fernández et al.: On the kinematic evolution of young local associations and the Sco-Cen complex degrees) making it difficult to identify the associations as single entities. Furthermore, they are far away from molecular clouds or star forming regions (SFR). This is why they remained unnoticed until recently.
These young stars offer insights into the star formation process in low-density environments, which is different from the dominant mechanism observed in denser SFR. The discovery of these YLA has also contributed to substellar astrophysics, since dozens of dwarfs have been identified in them. For instance, it has been confirmed that isolated brown dwarfs can form in these low-density environments (see for example Webb et al. 1999; Lowrance et al. 1999; Chauvin et al. 2003) . YLA also provide important clues regarding recent star formation in the solar neighbourhood (since they contain the youngest stars near the Sun) and its effect on the local ISM.
In Sect. 2 of this paper we review current understanding of the LB and the Sco-Cen complex and present published data for the nearly 300 stars belonging to YLA. In Sect. 3 we present our method for orbit integration, which makes use of a Galactic potential that includes the general axisymmetric potential and the perturbations due to the Galaxy's spiral structure and the central bar. This leads us to study, in Sect. 4, the origin and evolution of the local structures and, in Sect. 5, to propose a scenario for recent star formation in the solar neighbourhood. This scenario explains the origin of the Sco-Cen complex and YLA through the collision of a parent giant molecular cloud (GMC) with the Sagittarius-Carina spiral arm. Finally, the conclusions of our work are summarised in Sect. 6.
The nearest solar neighbourhood
In this section we consider three important structures: the Local Bubble (its spatial structure is presented); the Sco-Cen(-LupusCrux) complex (spatial structure, kinematics and age are presented); and the recently discovered YLA (for which we have produced a complete compendium of their members and mean properties).
The Local Bubble
Locally, within the nearest 100 pc, the ISM is dominated by the LB. The displacement model (Snowden et al. 1990 (Snowden et al. , 1998 for this structure assumes that the irregular local HI cavity is filled by an X-ray-emitting plasma, with an emission temperature of ∼ 10 6 K and a density, n e , of ∼ 0.005 cm −3 . Using the distance to the MBM 12 molecular cloud as a distance scale, Snowden et al. (1998) derived an extension for the LB of 40 to 130 pc, it being larger at higher Galactic latitudes and smaller nearer the equator. Nevertheless, there is no agreement in the literature concerning the distance to MBM 12; values range from 60 to 300 pc (see for example Hearty et al. 2000a Hearty et al. , 2000b Luhman 2001; Andersson et al. 2002) . This could explain why the extension of the LB calculated from SXRB observations does not agree (by a few tens of parsecs) with the extension of the local cavity derived from HI observations (Paresce 1984; Welsh et al. 1994 ). and Lallement et al. (2003) obtained the contours of the LB from NaI absorption measurements taken towards a selected set of stellar targets with Hipparcos parallaxes of up to 350 pc from the Sun. These observations allowed the authors to draw maps of the neutral gas distribution in the local ISM and, in particular, to trace the contours and extension of the LB with an estimated precision of ≈ ±20 pc in most directions. Lallement et al. (2003) concluded that for heliocentric distances of about 70-90 pc, the equivalent width of the NaI D-line doublet increases from <5 mÅ to >30 mÅ. They interpret this sudden increase as a neutral gas boundary of the local cavity, i.e. the LB limit. This boundary (see Fig. 1 ) has some interstellar tunnels that connect the LB with other cavities, such as Loop I and the supershell GSH238+00+09. In the meridian plane, the structure is clearly observed to tilt by about 20
• (see Fig. 5 in Lallement et al. 2003 ). This tilt is probably the result of squeezing of the LB by the surrounding structures belonging to the Gould Belt, which form a local chimney perpendicular to the plane of the Belt. Welsh et al. 1999) .
Some LB formation models have been proposed (see for example Cox 1998), most of which involve several recent supernovae (SNe). The Sco-Cen complex is the most likely candidate to have sheltered these SNe (Maíz-Apellániz 2001; Fuchs et al. 2006) .
The Sco-Cen complex
The Sco-Cen complex dominates the fourth Galactic quadrant (de Zeeuw et al. 1999; hereafter Z99) . It is a region of recent star formation and contains an important fraction of the most massive stars in the solar neighbourhood. In the 1960s the complex was split into three components (Blaauw 1960) : Upper Scorpius (US), Upper Centaurus Lupus (UCL) and Lower Centaurus Crux (LCC). The ISM related to this complex was studied by de Geus (1992) , who found that there is not much interstellar material associated with UCL and LCC, whereas filamentous structures connect US with the cloud complex in Ophiuchus. The most widely accepted ages for the components of the complex were derived by de Geus et al. (1989) from isochrones in the HR diagram: ∼5-6 Myr for US, ∼14-15 Myr for UCL and ∼11-12 Myr for LCC. Blaauw (1964 Blaauw ( , 1991 suggested that this age progression was the result of a sequence of star formation events in the GMC that formed all of the Sco-Cen region. Z99, searching in the Hipparcos catalogue, found 120 members of US, 221 of UCL and 180 of LCC, with mean trigonometric distances (corrected for systematic effects) of 145 ± 2, 140 ± 2 and 118 ± 2 pc, respectively (see Table 1 ). With regard to kinematics, all three associations have large velocity components in the direction away from the Sun, classically associated with the expansion motion of the Gould Belt (see for example Pöppel 1997 , but also see Torra et al. 2000) . Z99 provide mean proper motions from the Hipparcos catalogue and radial velocities from the Hipparcos Input catalogue for the stars identified as members of US, UCL and LCC. Madsen et al. (2002;  hereafter M02) obtain astrometric radial velocities for the members of the Sco-Cen associations identified by Z99, assuming that all members share the same velocity vector. S03 compile radial velocities for the Sco-Cen members and derive from them the mean spatial motion, using Hipparcos parallaxes and proper motions. The mean spatial motions and standard deviations obtained by these authors are shown in Table 1 . We can see that the results are quite similar, except for the case of US, where there is a clear discrepancy in the U value. As stated by M02, US is close to the limit of their method (larger distance, smaller angular size and smaller number of member stars, in comparison with LCC and UCL); thus, significant biases may be introduced into the solution they obtained for this association. Therefore, hereafter in this paper the Sco-Cen kinematics from S03 have been used to compute the back-tracing motion of the three associations. We have only used Madsen's data in Table 5 .
Young local associations
A decade ago, very few PMS stars had been identified less than 100 pc from the Sun. Nearly all the youngest stars ( < ∼ 30 Myr) studied then were located more than 140 pc away in the molecular clouds of Taurus, Chamaeleon, Lupus, Sco-Cen and R CrA (all of them regions of recent star formation). The crosscorrelation of the Hipparcos and ROSAT catalogues suddenly changed this; a few stars were identified as very young (from their X-ray emission and lithium content) but closer than 100 pc, where there are no molecular clouds with SFR (see for example Neuhäuser & Brandner 1998) . Two explanations for the existence of these young stars far away from SFR were proposed. Sterzik & Durisen (1995) suggested that the stars were formed in molecular clouds and later ejected as high-velocity stars during the decay of young multiple star systems. Feigelson (1996) suggested that the stars were formed inside small molecular clouds (or cloudlets), which later dispersed among the ISM and therefore can no longer be detected.
These young nearby stars were grouped into clusters, associations and moving groups, each with a few dozen members. Different approaches were used in each YLA discovery, but most of them made use of Hipparcos proper motions, X-ray emission (as a youth indicator), infrared emission (youth indicator) and ground-based spectroscopy (Hα lines: youth indicator, Li lines: age estimation, radial velocities) and photometry (ages). We have compiled all the published YLA data in Appendix A. Table 1 shows the mean spatial and kinematic properties, ages and number of members for each YLA. The adopted age shown in Table 1 is that assigned for back-tracing the association orbits in the next section (see Table 2 for an exhaustive list of estimated values found in the literature). More information and tables containing all the data (in ASCII format) are available on a webpage we have published 1 . Different nomenclature is used by the authors to define each YLA. The nature of the η Cha cluster is clear: the stars are compacted in a region a very few pc in diameter. For the other groups, authors used the terms association, moving group or even system (for HD 141569, with only 5 known members). In this paper we have respected the denomination for each YLA used in the literature. However, the difference between the terms association and moving group applied to the different entities is not clear, since their spatial dispersions and kinematics are very similar (and if slight differences are apparent, they do not correspond to the classifications association or moving group; see Table 1) .
Except for the case of AB Dor, all YLA studied here are younger than ∼30 Myr (even considering the large uncertainties in the age estimations published in the literature; see Table 2 ). The Tuc-Hor/GAYA association has an estimated age of about 20 Myr, whereas the other YLA (TW Hya, β Pic-Cap, ǫ Cha, η Cha, HD 141569 and Ext. R CrA) are younger than ∼15 Myr and of similar ages to (or younger than) the Sco-Cen associations. (The AB Dor moving group is clearly older and will not be used in our analysis; see, however, López-Santiago et al. 2006 and Makarov 2007.) At present, all YLA members in our compendium are spread over a region of about 120 x 130 x 140 pc, mainly concentrated in the fourth Galactic quadrant, and mostly in the southern celestial hemisphere (see Fig. 2 ). The spatial distributions within each association reach a few tens of pc in the Galactic plane, and less than 20 pc in the perpendicular direction (see Table 1 ).
The heliocentric velocity components of all the associations are very similar, (U, V, W) ∼ [−(9-12), −(16-21), −(3-10)] km s −1 (except for the extended R CrA association and, maybe, the HD 141569 system). To obtain these mean values we used all the stars for which complete kinematic data are available. We checked that rejecting those stars with the larger residuals does not modify the mean values by more than 1.0 km s −1 , though the standard deviations are clearly reduced (in most cases less than 2.0 km s −1 for all the components). The only exception is the extended R CrA association. It contains only 5 stars with complete kinematic data and there are large uncertainties in their radial velocities. This results in large standard deviations in the velocity components, especially in U, and prevents us from using this association in our analysis.
The resulting YLA velocity components are very similar to those of the associations in the Sco-Cen complex (see Table  1 ). Taking into account the similar kinematics observed among YLA, and the observation that most of them are nearly coeval (ages of ∼5-15 Myr), it is interesting to consider whether we can really speak of distinct entities. Figure 3 shows the velocity distribution of YLA member stars for which complete kinematic data are available. Using a kernel estimation, several of the associations are clearly distinguished kinematically: we can clearly identify peaks corresponding to Tuc-Hor/GAYA, β Pic-Cap, ǫ Cha and η Cha. The HD 141569 system is not identified in Fig.  3 due to the small number of members whose complete kinematic data are available (only 2 stars).
Initially, it is surprising that the TW Hya association is not evident in Fig. 3 , and even a local minimum in density can be observed near its expected positions ([U, V, W] ∼ [−10, −17, −5] km s −1 ; see Table 1 ). This may be due to a combination of three factors: its position in the (UVW) planes very near other YLA, its relatively high total velocity dispersion σ (computed Table 1 . Mean spatial coordinates and heliocentric velocity components of the young local associations and the Sco-Cen complex (in the latter case, data from Z99, M02 and S03). In brackets, the standard deviation of the sampling distribution. N is the number of known members in each association (N r with distance determination and N k with complete kinematic data). Fig. 2 . Locations of the young local associations projected onto the Galactic (left) and meridian (right) planes. The size of the ellipses represents the projected dimension of the associations (more than 90% of the stars inside the plotted area). ξ ′ is pointing to the Galactic anti-centre, η ′ is the direction of Galactic rotation and ζ ′ is pointing to the north Galactic pole.
as σ = σ 2 U + σ 2 V + σ 2 W and compared with its neighbours in these planes), and the relatively low number of TW Hya stars with complete kinematic data (N k in Table 1 ) compared to TucHor/GAYA and β Pic-Cap associations (resulting in a low contribution to the probability density function shown in Fig. 3 ).
To study this case in more detail, Fig. 4 shows the velocity distribution [(U, V) and (U, W) planes] of the stars belonging to the three associations with the most complete kinematic data: TW Hya, Tuc-Hor/GAYA and β Pic-Cap. At first sight it is clear that the two entities Tuc-Hor/GAYA and β Pic-Cap are much better defined in these planes than the TW Hya association is. The main kernel estimator peaks agree with the mean values shown in Table 1 , (U, V, W) for these two associations. However, in the case of TW Hya, no central peak is found at the expected position on the planes for the mean values. In Fig. 5 we show the positions in the (U, V) plane for the stars belonging to the TW Hya association, and we compare them with the mean velocity components for the YLA. Whereas the other YLA have their own place in this plane (with low superposition of their error bars), the TW Hya association seems to fill a region shared by other YLA. We have computed the distance in the (UVW) velocity space from each TW Hya star to the position of the mean velocity of the YLA. Only 4 out of 17 stars are nearer to the position of the TW Hya association in the (UVW) space than to other YLA. In Table 3 we have done the exercise of recom- the other YLA. The previously discussed kinematic reassigment of stars would enlarge, clearly in excess, the present accepted size for the other associations. The second important fact is that, whereas almost all Tuc-Hor/GAYA and β Pic-Cap members have Hipparcos parallaxes, 70% of the TW Hya members have only an estimated distance from broadband photometry (Song et al. 2003) . The assumption of a relative error of about 20% for this parameter would have a contribution of up to 3-4 km s −1 in the velocity dispersion components. This value, convolved with an intrisic velocity dispersion of about 1 km s −1 (Mamajek 2005 ), would justify the values shown in Table 1 . Furthermore, we have confirmed that the discrepancies between these photometric distances and the moving cluster distances by Mamajek (2005) are about 20%. From the above arguments it is clear that more accurate astrometric data is mandatory to clarify both the kinematic dispersion and membership assignment of TW Hya members. The large dispersion observed in the estimated ages for this association (see Table 2 ) also contributes to the deficient characterisation of this entity.
Stellar orbits
The integration back in time of the Sco-Cen and YLA orbits allows us to study their origin and possible influence on the immediate ISM over the last million years. To compute the stellar orbits back in time we used the code developed by Asiain et al. (1999b) based on the integration of the equations of motion using a realistic model of the Galactic gravitational potential.
If we consider a coordinate system (ξ, η, ζ) 2 centred on the Sun and rotating around Galactic centre with a constant angular velocity Ω ⊙ , the equations of motion of a star are:
where Φ = Φ(R, θ, z; t) is the gravitational potential of the Galaxy in galactocentric cylindrical coordinates. When Φ is a known function, these equations can be solved numerically through a fourth-order Runge-Kutta integrator. We have decomposed Φ into three components: the general axisymmetric potential Φ AS (Allen & Santillán 1991) , the potential due to the spiral structure of the Galaxy Φ Sp , and that due to the central bar Φ B (see Table 4 ). In this way we get a realistic estimate of the Galactic gravitational potential.
The spiral structure potential is taken from Lin's theory (Lin & Shu 1964; Lin et al. 1969) :
where:
where A is the amplitude of the spiral potential, f r0 the ratio between the radial component of the force due to the spiral arms and that due to the general Galactic field, Ω p the constant angular velocity of the spiral pattern, m the number of spiral arms, i the pitch angle of the arms, ψ the radial phase of the spiral wave and ψ ⊙ its value at the position of the Sun. We have taken the values obtained by Fernández et al. (2001; see also Fernández 2005 ) for a model with 2 spiral arms. In the case of the potential due to the central bar, we have chosen the triaxial ellipsoid model of Palous et al. (1993) with a rotation speed Ω B = 70 km s −1 kpc −1 (Binney et al. 1991) . Although large uncertainties are still present in the bar parameters, this structure has an almost negligible effect on our stellar trajectories (as far back as 30 Myr; see Asiain 1998) .
All the figures in the next section use the (ξ ′ , η ′ , ζ ′ ) coordinate system centred on the Sun's current position and rotating around Galactic centre at a constant velocity Ω ⊙ (see Fig. 6 ). ξ ′ points to the Galactic anti-centre and is defined as ξ
′ is a linear coordinate, measured along the circle of radius R ⊙ , which is positive in the direction of Galactic rotation. The coordinate system (ξ ′ , η ′ , ζ ′ ) is convenient for our purposes as it minimises variation in the variables. Table 4 . Position and velocity of LSR, and local density (Kerr & Lynden-Bell 1986) , bulge, disk and halo parameters (Miyamoto & Nagai 1975; Allen & Santillán 1991) , together with spiral structure (Fernández et al. 2001 ) and central bar (Binney et al. 1991; Palous et al. 1993 ) parameters used in the integration of stellar orbits.
Fig. 6. Heliocentric coordinates (ξ, η, ζ) and (ξ ′ , η ′ , ζ ′ ) (from Asiain 1998; see also Asiain et al. 1999b ).
We have integrated the orbits of the associations as a whole, using the mean position and velocity for each association shown in Table 1 . The results are presented in Figs. 7 and 8, where not only do we consider the orbits in the Galactic plane (as is usual in the literature), but also in the meridian and rotation planes. In Fig. 7 we show the estimated error in the position of the associations at birth (grey area). These error areas have been obtained computing the orbits back in time, using the values U ± 2S e U , V ± 2S e V as present velocity components (where S e U and S e V are the standard errors in the U, V mean velocity components obtained from the standard deviations in Table 1 ). We have confirmed that uncertainties in the W component have a negligible effect on the orbits shown in Fig. 7 3 . An error in age shall be read as a displacement of the error areas along the plotted orbits in the figure. Unfortunately, age uncertainties are large for all the associations (see Table 2 ). Later in this paper we study how these large uncertainties in age may affect our results.
The most obvious trend observed in Figs. 7 and 8 is the spatial concentration of all the associations (Sco-Cen complex and YLA) in the first Galactic quadrant in the past. All the YLA (except the relatively old Tuc-Hor/GAYA) were in the region of the Galactic plane bounded by −70 < ∼ ξ ′ < ∼ −30 pc and 35 < ∼ η ′ < ∼ 110 pc at their time of birth. There is a very conspicuous spatial grouping at the time of birth of TW Hya, ǫ Cha, η Cha and HD 141569 (in a sphere 25 pc in radius). At its birth, β Pic-Cap was located about 50 pc from the other YLA. All the associations were concentrated in the region 0 < ∼ ζ ′ < ∼ 45 pc at their birth. Therefore the associations were formed slightly above the Galactic plane (the Sun, whose position is the origin of the ζ ′ coordinate, is located about 16 pc above the Galactic plane; see Binney & Merrifield 1998) . The region where these associations were formed had a size of 40 x 75 x 45 pc (ξ ′ x η ′ x ζ ′ ). At present, the stars belonging to YLA are distributed in a region of about 120 x 130 x 140 pc. The volume they occupy has therefore increased by a factor of ∼ 16 since their birth. As can be observed in Fig. 7 , the errors associated with the mean velocity 3 A variation of ±2S e W in W implies a change in the vertical position (ζ ′ ) with time, thus slightly affecting the radial and azimuthal forces acting on the star (see Eq. 9 in Asiain et al. 1999b and Eqs. 1, 3 and 5 in Allen & Santillán 1991). However, we have confirmed that this effect results in a change in position of less than 10 −3 pc in the (ξ ′ , η ′ ) plane in the present case.
components of the associations do not have a crucial influence on the previous results: the error areas have typical side lengths of about 10-30 pc.
In the case of the Sco-Cen associations, both UCL and LCC began life very near the Galactic plane; for both of them −19 < ∼ ζ ′ < ∼ −12 pc at birth (they were closer than ∼4 pc to the Galactic plane). For US, ζ ′ ∼40 pc at birth.
Origin and evolution of the local structures
The results obtained in the previous section suggest that the formation of YLA was triggered in a neighbouring region of the first Galactic quadrant between 5 and 15 Myr ago. In this section we present a description of this mechanism and link it to the origin and evolution of the Sco-Cen complex and the LB.
Origin of the Sco-Cen complex
The gas associated with the Sco-Cen complex has classically been considered as a part of the Lindblad Ring; a toroidal structure of HI and molecular clouds in expansion (Lindblad 1967) belonging to the Gould Belt. Close to Sco-Cen, the clouds of Lupus and ρ Oph, and the so-called Aquila Rift, would also form part of the Lindblad Ring. The structure that results from considering all these molecular complexes has a length of about 120
• , and extends from the Vela region to the Aquila Rift. Below, we discuss the most plausible scenarios for star formation in this region and we conclude that the most likely is the collision of a GMC with a spiral arm. We mention the review published by S03, where other less plausible scenarios can be found. Blaauw (1964 Blaauw ( , 1991 and suggests that star formation begins at one end of a GMC and propagates to adjacent regions due to stellar winds and supernovae. Preibisch & Zinnecker (1999) later proposed a history of star formation in the Sco-Cen complex, using the classical ages of de Geus et al. (1989) . Star formation in Sco-Cen would have begun around 15 Myr ago in UCL. 12 Myr ago, when star formation started in LCC, the most massive star in UCL would have exploded as a supernova, forming the largest HI shell surrounding the association. 5 Myr ago, the shock front from this supernova would have passed through the cloud, which was to become the parent of US, triggering star formation there. Shortly after, the strong stellar winds from the most massive stars in US would begin to sweep away the molecular cloud, stopping the star formation process. Only 1.5 Myr ago, the most massive star in US would have exploded as a supernova, completely dispersing the US cloud. Nowadays, the wave front of this supernova would be travelling through the ρ Oph molecular cloud, triggering star formation there.
Following S03, this model would result in systematic velocity fields with radial components directed away from the different centres of star formation. This is not what we observe in the results obtained in previous sections. However, the problem could be a little more complicated since the velocities of the young stars would not only depend on the velocity and direction of the shock front that compressed the parent cloud; the kinematics of the new stars would also depend on the original velocity of the molecular cloud, which could be similar to, or even larger than, the velocity of the shock front. Following this, the successive sources of star formation would not necessarily form groups of stars with clearly identified radial velocity components. Thus, contrary to the opinion of S03, we think that the sequential star-formation mechanism could have a crucial role in the global scenario for star formation in this region.
The Gould Belt model based on an expanding gas ring
The kinematics of the stars belonging to the Gould Belt seems compatible with the expansion model proposed by Olano (1982) : a gas ring with a centre located at a distance of about 166 pc in the direction l ∼ 131
• . However, the Sco-Cen complex is precisely one of the regions of the Gould Belt that does not fit this model, since the observed proper motions are not orientated as predicted by Olano (see also Moreno et al. 1999) . Moreover, as shown above, as we project the orbits of the stars in this region back in time, they no longer indicate the centre of the Gould Belt. S03 also mentions other problems, such as the fact that the age of the stars in Sco-Cen is an important fraction of the age of the Gould Belt predicted by this model (30 Myr), in spite of the large distance between the present position of Sco-Cen and the expansion centre of the Belt.
Furthermore, as shown in a previous paper (Torra et al. 2000) , the Sco-Cen associations are not needed to explain the peculiar kinematics of the Gould Belt.
Star formation triggered by a spiral arm shock wave
The region in question could also have been formed as a result of the interaction of the parent GMC with the shock wave of a spiral arm. In this case, the main problem to be faced is that the classical view of the spiral structure of the Milky Way places the Sun in an interarm region, at about 1 kpc from the nearest arm (see, for example, Georgelin & Georgelin 1976) where there is no spiral shock wave capable of triggering star formation. However, in recent years there has been some evidence that this classical view could be wrong (see, for instance, Fernández et al. 2001 for a stellar kinematics study or Amôres & Lépine 2005 for a model of interstellar extinction in the Galaxy), with the Sun closer to the inner (Sagittarius-Carina) arm. This forces us to study this possible scenario in more detail. Figure 9 shows the orbits of YLA and the OB associations in Sco-Cen for times 0 > t > −30 Myr in a galactocentric reference frame (X ′ ,Y ′ ) which is rotating with an angular velocity Ω = Ω p (the rotation velocity of the spiral arms of the Galaxy; so, in this system the spiral arms remain fixed). We used the value Ω p = 30 km s −1 kpc −1 obtained by Fernández et al. (2001) . The figure shows that, back in time, the orbits tend to concentrate these associations in a region with a phase of the spiral structure of 0
• < ∼ ψ < ∼ 10 • , very near the spiral potential minimum at ψ = 0 • . Following the non-linear density wave theory, the motion of the spiral structure in the Galactic plane generates a shock wave just before the arm potential minimum for regions outside the corotation radius (Roberts 1969; Bertin & Lin 1996) . In the case of our galaxy, the phase separation between the position of the shock wave and the potential minimum is not exactly known (see, for example, Gittins & Clarke 2004) . To quantify this, it is common to define the offset function Θ(R) = m (θ shock − θ min ), where m is the number of spiral arms of the Galaxy, and θ shock and θ min are the Galactic longitude of the shock wave and the spiral potential minimum respectively, at galactocentric distance R. Roberts (1969) derives a small value for this function, close to 0. However, Shu et al. (1972) obtain Θ(R) = −72
• , whereas The thick-dashed line shows the position of the minimum of the spiral potential (Fernández et al. 2001 ). The thin-dashed line is the position of the phase of the spiral structure ψ = 10
• . Yuan & Grosbøl (1981) adopt Θ(R) = −30
• . Despite there being no good agreement on the value of this parameter, it should have an absolute value of no more than a few tens of degrees.
Recent works have studied the formation of a GMC due to the arrival of the spiral shock wave, either gathering together preexisting molecular gas or inducing high densities in the shock, converting HI into HII (see Dobbs & Bonnell 2007 and references herein) . According to these authors, GMC formation occurs within a very few Myr ( < ∼ 5 Myr) and star formation begins very quickly, ∼5 Myr after the cloud formation (Clark et al. 2005) . The first supernovae event occurs about ∼4 Myr after the formation of the very high mass stars, halting the star formation process. The stars of the OB association complex are then born, about ∼10-15 Myr after the arrival of the spiral shock wave.
When the shock wave hits the gas, its direction of motion changes. Assuming that the shock is strong and sufficiently dissipative, the velocity component perpendicular to the spiral arm is strongly reduced (see for example Landau & Lifshitz 1982) . After interaction with the shock wave, the gas moves in a direction practically tangential to the spiral arm (see Fig. 10 ).
Considering Ω p = 30 km s −1 kpc −1 , in the vicinity of the Sun the shock wave is moving around 4 km s −1 kpc −1 faster than the local standard of rest (LSR; equivalent to 30-35 km s −1 , depending on the value adopted for the distance to Galactic centre) in the Galactic rotation direction. In this framework, if the shock Fig. 10 . Variation of the velocity vector of a test particle when it hits the shock wave (solid line) in the vicinity of the centre of a spiral arm (shadow) and in a region inside (top) and outside (bottom) the corotation radius (in a reference frame in which the arms are fixed.)
wave of a spiral arm hits a molecular cloud, it is compressed, and star formation can be triggered. This is the process proposed by S03 for the formation of the Sco-Cen complex. They assume that the Sun is placed in a region slightly inside the corotation radius. The gas and stars that follow the Galactic rotational motion are then moving faster than the shock wave. In this framework, with respect to a reference frame that is rotating at the same velocity as the spiral arms, the gas is slowed when it hits the shock wave, and afterwards it moves practically parallel to the spiral arm, approaching the Galactic centre (see Fig. 10, top) . However, with respect to LSR, the compressed gas and the newly born stars have velocities in the direction opposite to the Galactic rotation and away from Galactic centre. S03 argues that, as this is the present motion of the Sco-Cen stars, it favours the following star formation scenario for Sco-Cen: a shock with a spiral arm positioned slightly inside the corotation radius. However, S03 does not consider the variation in the orientation of the velocity vector of these stars from their birth to now.
From Fig. 7 we can see that, in fact, at their birth the Sco-Cen associations were moving in Galactic antirotation and away from Galactic centre. This motion is not compatible with an interaction with a spiral arm placed inside the corotation radius, and therefore contradicts the scenario proposed by S03. However, it is perfectly compatible with the expected velocity if the arm is outside the corotation radius (see Fig. 10, bottom) , as recently derived in several works (see, for example, Mishurov & Zenina 1999 and Fernández et al. 2001) . Here, the difference in velocity between the shock wave and the Galactic rotation is about 2 km s −1 kpc −1 , so the difference in the velocity in the direction of Galactic rotation is about 12-13 km s −1 . Following numerical simulations of the collapse of nuclei in molecular clouds (Vanhala & Cameron 1998) , one could expect a spiral arm shock wave to trigger star formation with relative velocities with respect to the gas of as low as 10 km s −1 (though the mechanism is more efficient when the velocities are between 20 and 45 km s −1 ). This scenario would then be possible in our case. Moreover, the relative velocity between the parent molecular cloud and the spiral shock wave will obviously depend on the cloud's initial velocity with respect to its regional standard of rest (RSR). From our orbit calculations, at the moment when the molecular cloud was generating the first protostars in LCC and UCL (16) (17) (18) (19) (20) Myr ago, following the last estimations published in the literature), the velocity components of the cloud with respect to its RSR in the Galactic plane were (U, V) RSR ∼ (−20, −10) km s −1 . This motion is the result of the initial proper motion of the cloud and its interaction with a spiral shock wave ocurring about 30 Myr ago (see Fig. 9 ). It is not possible to know exactly when this interaction occurred, since we do not know the value of the offset function Θ(R) for the inner arm. However, as we should expect small values for this function, we can assume that this interaction took place approximately at that epoch. This scenario would be in good agreement with the present ideas of rapid star formation in molecular clouds that we have presented above. The OB associations would have formed about 10-15 Myr after the arrival of the spiral shock wave, so about 15-20 Myr ago, in agreement with the estimated age for the oldest associations studied here: UCL, LCC and Tuc-Hor/GAYA (see Table 1 ). In this way, it is possible to explain the present observed motion of the Sco-Cen complex, and it is plausible that the origin of the star formation in the whole region was an impact with the inner spiral arm shock wave. Mamajek et al. (2000) found that extrapolating past motions (assuming linear ballistic trajectories) shows that TW Hya, ǫ Cha, η Cha and the three subgroups of the Sco-Cen complex were closest together about 10-15 Myr ago. They suggest that these three associations were formed in the progenitor Sco-Cen GMC or in short-lived molecular clouds formed by Sco-Cen superbubbles (see also . Jilinski et al. (2005) locate the birthplaces of ǫ Cha and η Cha at the edge of LCC. Ortega et al. (2002 Ortega et al. ( , 2004 ) also suggest that the β Pic moving group was formed near Sco-Cen, probably due to a supernova in this complex. Our compendium of all the known members of the whole set of YLA and the integration of their orbits back in time allow us to present here a more detailed analysis of the origin of YLA.
The origin of YLA
As we show in Sect. 3, the past trajectories of the three ScoCen associations meet in the same region of the first Galactic quadrant as YLA trajectories do. In Fig. 11 the temporal evolution of the (three-dimensional) distances between each one of the local associations and the centres of the three Sco-Cen associations is shown (with typical estimated errors of a very few tens of pc; see Sect. 3). Following these results, LCC is seen to be the association closest to YLA in the past. The instant when the distance minima between LCC and YLA occurred is of great interest. In the cases of the η Cha cluster and the ǫ Cha association, minima with distances of 16 and 23 pc, respectively, are obtained for t ∼ −(8.5-9) Myr. In the case of the β Pic-Cap moving group, the minimum distance to LCC was 62 pc 15.5 Myr ago. No clear distance minima to LCC are found in the recent past (t > −20 Myr) for the other YLA. TW Hya was 45 pc from LCC 8 Myr ago (the estimated age for this association), whereas the HD 141569 system was about 102 pc from LCC 5 Myr ago, continuously decreasing to 62 pc 18 Myr ago. The Tuc-Hor/GAYA association has maintained a distance to LCC of more than 100 pc over the last 20 Myr, but this could be the only YLA considered here not to originate from a supernova in LCC, since its estimated age is equal to (or even larger than) that derived for LCC.
We conclude that, at the moment of their birth, YLA were at distances of between 20 and 100 pc from the centre of LCC, and even further from the other two Sco-Cen associations (see Table 5 ). Although observational errors in parallax and velocity components, as well as errors in age estimations, could affect these results, the fact that we work with mean values for distances, velocity components and ages minimises this possibility. Moreover, even considering the individual stars, as they are very close, the error in the trigonometric distances derived from Hipparcos parallaxes is low for most of them (smaller than 10 pc for 89% of the stars; see Fig. 12, left) . Similarly, the error in proper motions is smaller than 1.0 km s −1 for 92% of the stars (see Fig. 12 , right) and errors in radial velocity of less than 2.0 km s −1 are estimated for most of the stars considered here (see Appendix A).
Although the present radius of LCC is about 25 pc, it has been continuously expanding since birth, 16-20 Myr ago. Even considering a very moderate expansion rate, one should expect an initial radius < ∼ 20 pc. The distances obtained in Fig. 11 and presented in Table 5 , together with the expected reliability of the orbits back in time (taking into account the low associated errors and the short integration time interval), lead us to believe that the local associations were not born inside the cloud that formed the Sco-Cen complex, but in small molecular clouds outside it. One possible scenario for the formation of YLA in these small molecular clouds is the explosion of one or several close supernovae, which could have produced compression that triggered star formation. (Lyman continuous photons from a luminous O star could also produce triggered star formation: see Lee 2007 .) These hypothetical supernovae should belong to the ScoCen complex. As we have seen in Sect. 2.2, this complex is made up of several thousand stars, more than 300 of which are earlytype stars, and around 35 are candidates for Type II supernovae. (They have spectral types between O and B2.5, and masses greater than 8 M ⊙ ; see Weiler & Sramek 1998 and Z99.) Maíz-Apellániz (2001) estimated the number of past supernovae inside the three associations from the Starbust99 models (Leitherer et al. 1999) , obtaining 1 supernova for US, 13 for UCL and 6 for LCC. The first supernova that exploded in each association took place when it was 3-5 Myr old, and the others have been exploding and will continue to explode at a nearly constant rate, for the first ∼30 Myr of the complex's life. Even a conservative estimate (considering the age for the complex proposed by de Geus et al. 1992) gives at least 6 supernovae in UCL during the last 10-12 Myr, another 6 in LCC during the last 7-9 Myr and at least 1 in US (see comments in Maíz-Apellániz 2001). There is direct observational evidence for this (Hoogerwerf et al. 2001) . If the complex is slightly older (especially UCL and LCC) as stated by S03 among others, the number of supernovae in UCL and LCC in the past would increase by 5-10. It is clear that there have been several recent supernovae in the solar neighbourhood, although it is necessary to know where the Sco-Cen associations were in the past to see if they can be linked to the origin of YLA presented in Sect. 2.3. Figures 7 and 8 also show the orbits of US, UCL and LCC back to their birth epochs.
The wave front of a supernova typically moves at a velocity of a few tens of pc per million years 4 ; therefore, a supernova explosion in LCC or UCL 9-11 Myr ago may have triggered star 4 After considerable slowing during the first 3-5 pc of distance covered, the wave front of a typical supernova moves at ∼15-45 km s formation between 1 and 3 Myr later in small molecular clouds at distances of 15 to 75 pc. These would be the parent clouds of the η Cha cluster and the ǫ Cha association, located at ∼20 pc from LCC at their birth. Taking into account that the first supernovae in LCC and UCL exploded when the associations were 3-5 Myr old (Maíz-Apellániz 2001), this scenario is only possible for a present age of LCC and UCL of at least 12 Myr. This is not a problem, since the estimated ages for LCC published in the literature range from 11-12 Myr to 16-20 Myr, and for UCL, from 14-15 to 16-20 Myr, as we have seen. In this way, if only one supernova could explain this star formation outbreak ∼8.5-9 Myr ago, this would be the age of η Cha and ǫ Cha, which would have been formed simultaneously. It should be remembered that the estimated ages for η Cha and ǫ Cha are 5-15 and < ∼ 10 Myr, respectively (see Table 1 ). Such a supernova could also have triggered the formation of TW Hya, whose estimated age is ∼8 Myr. As mentioned above, at that time TW Hya was about 45 pc from the centre of LCC, in perfect agreement with the typical distance at which a supernova wave front can trigger star formation in a small molecular cloud. However, it was not necessarily a single supernova in LCC or UCL that was the origin of these four YLA. The supernova rate in these two associations is ∼0.5 Myr −1 and, therefore, it is possible that a few supernovae in the period −8 < ∼ t < ∼ −10 Myr triggered the star formation that resulted in YLA. In any case, from our results we can conclude that these associations definitely did not form inside LCC or UCL, to be later ejected. They were formed in regions of space far from LCC and UCL, probably in small molecular clouds that were later totally dispersed by the newly born stars and/or by the shock fronts of later supernovae in LCC or UCL.
Our results support a star formation scenario for very young stars far away from SFR or molecular clouds, such as that proposed by Feigelson (1996) and not that of Sterzik & Durisen (1995) . The latter authors perform numerical simulations to explain the existence of haloes of isolated T Tau stars around SFR. In their simulations a significant number of stars were ejected from these regions at birth with large velocities, allowing trajectories of some tens of pc in a few million years. Meanwhile, Feigelson (1996) proposed another scenario for the formation not only of the haloes of T Tau stars, but also of other completely isolated very young stars that have been discovered. In this model, the isolated T Tau stars form in small, fast-moving, short-lived molecular clouds. The gas remaining after the star formation process is rapidly dispersed by the stellar winds of the new stars. At present the stars are located in regions of space where there is no gas and so, apparently, they have formed far away from any SFR. The case of YLA supports this scenario, since our kinematic study shows that these associations formed far away from the Sco-Cen complex. For the HD 141569 system, a supernova in UCL, as opposed to one in LCC, is a more promising candidate to explain its origin. This is because the distance to LCC for the range of ages accepted for this group (2-8 Myr) is between 88 and 116 pc, whereas for UCL it is 73-88 pc.
YLA and LB
Several models have been presented to explain the origin of the LB. Cox (1998) reviews five conceptions of the LB on which models have been based. Most of them involve one or more supernovae. The consensus is reached with a scenario in which about 10-20 supernovae formed the local cavity and, after that, a few supernovae reheated the LB a few Myr ago, explaining the currently observed temperature of the SXRB (Breitschwerdt & Cox 2004 ). Some authors have remarked that there is independent evidence for the occurrence of a close supernova (∼30 pc) ∼5Myr ago (Knie et al. 1999) , which could be the best candidate for reheating the LB. Smith & Cox (2001) find that one of the problems with this theory is the low probability of having 2 or 3 isolated supernovae exploding in the solar neighbourhood in a period of a few million years. In an attempt to solve this problem, Maíz-Apellániz (2001) proposed that the 2 or 3 supernovae that reheated the local cavity (and which are therefore responsible for the LB) could have exploded in LCC, but his results faced some geometrical problems due to the peripheral situation of LCC with respect to the LB. Berghöfer & Breitschwerdt (2002) suggest that the supernovae came from the B1 moving group found by Asiain et al. (1999a) , comprised of 33 stars with spectral types B, A and F. However, the mean distance to the Sun (and so to the centre of the LB) of its members is ∼135 pc and the trajectory back in time of the B1 group passes through very peripheral zones of the LB (in fact, the B1 group is formed by stars in the Sco-Cen complex).
More recently, Fuchs et al. (2006) have proposed that about 14-20 SNe, originated from the LCC and UCL associations, have been excavating the LB during the last ∼14 Myr. The authors argue that this scenario is realistic even though the SNe exploded rather close to the edge of the LB, since the bubble expands fastest in the direction of the lowest density regions. In the present case, the presence of the Loop I in the GC direction would forced the LB to expand towards the anticentre direction. However, part of the geometric problems that these works face could be overcome by assuming that one or more recent supernovae exploded inside YLA. In Fig. 13 we show the trajectories back in time for YLA, superimposed on the present LB structure derived by Lallement et al. (2003) . Due to small peculiar motions of the local interstellar gas, the LB is assumed to be nearly at rest in the reference frame of the LSR (as done by Fuchs et al. 2006) . Thus, the position of the centre of the LB is fixed in time at the system comoving with the LSR (where the orbits have been computed; see Fig. 13 ). As the LB has been in expansion during the last Myr, the outer boundaries were placed nearer to its centre in the past. Due to the uncertainties of the present outer boundary of the LB and the wealth of data, most models have shortcomings concerning the dynamical evolution of the structure . Even when not considering the dynamical evolution of the LB (i.e., the expansion motion of the boundary), we are able to obtain important conclusions when comparing the past trajectories of both YLA and Sco-Cen associations. In Fig. 13 we can see that the past orbits of the YLA are closer to the central region of the LB than Sco-Cen associations. To be exact, the trajectories of the centres of the associations TW Hya, Tuc-Hor/GAYA and β Pic-Cap have crossed very near to the geometric centre of the LB in the last ∼5 Myr. As can be seen in the error propagation of the kinematic data shown in Fig. 7 , the uncertainty boxes in position (due to the errors in the mean velocity vector) on the Galactic plane do not exceed a few tens of pc. On the other hand, errors in age estimates for the YLA result in positional errors along the trajectories back in time. Even considering the large uncertainties in age obtained for some of these YLA (see Table 2 ), ages are not expected to exceed 20 Myr for any of them (except for TucHor/GAYA). We can therefore conclude that the YLA have been moving inside the LB for (at least) most of their lifetime, and can question whether the presence of these young stars inside the LB bears any relation to its origin and/or evolution. Table 6 gives the spectral types of the known members of the local associations. All the associations except TW Hya and β Fig. 1 ). This structure has been rotated 90
• with respect to the orientation shown in Fig. 1 .
Pic-Cap contain B-type stars (13 stars from a total of 223 members). At present it is not possible to derive the number of stars earlier than B2.5 that were born in the local associations, since we do not know their total mass precisely. However, the fact that at present we observe one supernova candidate (α Pav, a B2IV star belonging to the Tuc-Hor/GAYA association), and more than a dozen stars of spectral types between B5 and B9, allows us to affirm that it is possible that one or more of these associations has sheltered a supernova in the recent past (the last 10 Myr). As there is direct evidence for an explosion of a supernova at a distance of ∼30 pc, ∼5 Myr ago, several pieces of the same puzzle seem to support the theory of a recent supernova in the nearest solar neighbourhood originating from a parent star belonging to a YLA, probably Tuc-Hor/GAYA or the extended R CrA association (which currently show the highest content of B-type stars). This near and recent supernova would have been responsible for the reheating of the gas inside the LB needed to achieve the currently observed temperature of the diffuse soft X-ray background. As we mention above, there is no agreement in the literature on the number of supernovae needed to form the local cavity. If only one was enough, the supernova we propose would be the most promising candidate, since it would be placed very near the geometric centre of the LB, explaining in a natural way its present spatial structure. If more supernovae are needed (as recent works suggest), we could consider other stars in the vicinity of LCC and UCL, as proposed by Fuchs et al. (2006) .
Our scenario
If the impact of the spiral arm shock wave was the initial cause of star formation in the Sco-Cen region (see Sect. 4.1) then the Fig. 9 ). The arrival of the potential minimum of the inner spiral arm triggered star formation in the region. At the same time it disturbed the cloud's motion, whose velocity vector became directed in the opposite direction to Galactic rotation and away from Galactic centre (just as expected after an interaction with the spiral arm for a position outside the corotation radius; see Fig. 10 , bottom). The compression due to the spiral arm did not necessarily trigger star formation in the whole cloud, but perhaps only in the regions with the largest densities. This would be favoured by the smaller relative velocity between the shock wave and the RSR (12-13 km s −1 , as we have seen). The regions where star formation began must be those which generated UCL, LCC and, probably, the Tuc-Hor/GAYA association, which were all born at nearly the same time: about 16-20 Myr ago. The stellar winds from the first massive stars began to compress the gas of the neighbouring regions, maybe causing them to fragment into small molecular clouds that moved away from the central region of the parent cloud. About 9 Myr ago, a supernova in LCC or UCL triggered star formation in these small molecular clouds, giving birth to the majority of YLA, as we saw in the previous section. The stellar winds of the newly born stars rapidly expelled the remaining gas from these small clouds (the cloudlets proposed by Feigelson 1996) , completely erasing every trace of them and leading to our observation that there is no gas in these regions at present. YLA may have had a crucial influence on the history of the LB. We suggest that one or two supernovae in these associations were responsible for reheating the LB a few million years ago. This hypothesis seems to be reinforced by the evidence of a very near supernova about 5 Myr ago (Knie et al. 1999 ). At about the same time, as proposed by Preibisch & Zinnecker (1999) , the shock front of a supernova in UCL would have triggered star formation in US about 6 Myr ago. Only 1.5 Myr ago, the most massive star in US would have gone supernova and its shock front would now be reaching the molecular cloud of ρ Oph, triggering the beginning of the star formation process there.
Conclusions
This paper studies the kinematic evolution of the Sco-Cen complex and the so-called young local associations (YLA). It makes use of most of the astrophysical data published in the literature for all the known members of YLA (more than 200 stellar systems). This information appears in Appendix A and can also be accessed via a webpage 5 .
5 http://www.am.ub.es/∼dfernand/YLA/ The study of the orbits integrated back in time for all these associations allows us to propose a scenario for recent star formation in the solar neighbourhood (Sect. 5) and a possible link between these associations and the origin and/or evolution of the LB (Sect. 4.3). In our scenario, the oldest Sco-Cen associations were brought about by the impact of the inner spiral arm against a giant molecular cloud. YLA were born later (and outside ScoCen) due to the shock fronts of the most massive supernovae belonging to the LCC or UCL associations. Our results suggest that a YLA is the most likely place to have harboured the supernova that reheated the LB a few million years ago.
As seen in this paper, the recent discovery of a set of YLA, together with the use of appropriate tools (mainly, the integration back in time of orbits), sheds light on several apparently unrelated topics in astrophysics. These topics range from star formation mechanisms for low-mass stars distant from star forming regions, to the recent history of the LB, and include the origin of the Sco-Cen stellar complex and its possible independence from the Gould Belt. The possible discovery in the coming years of new members of these associations, or even of new associations, will be very useful in confirming the results obtained in this work.
A.0.1. The TW Hya association TW Hya has been the prototype of isolated T Tau stars since its classification as a classical T Tau star (CTTS) of about 10 Myr by Rucinsky & Krautter (1983) . It is far away from any dark cloud and even from other PMS stars. Gregorio-Hetem et al. (1992) identified four candidate T Tau stars in a circle of 10
• around TW Hya. The existence of a real association (the so-called TW Hya association or TWA) was finally established when Webb et al. (1999) found seven new members, including a brown dwarf. These new members showed important X-ray emissions, a large abundance of Li, intense chromospheric activity and a proper motion similar to that observed in the previously identified members of TWA. Webb et al. (1999) derived an age of 8 Myr for the association from the colour-magnitude diagram. Barrado y Navascués (2006), making use of the location in the HR diagram and Hα and Li equivalent widths for individual stars, estimated an age of 10 +10 −7 Myr. Sterzik et al. (1999) , Zuckerman et al. (2001c) , Makarov & Fabricius (2001) , Gizis (2002) , Reid (2003) and Song et al. (2003) added more stars to the list, increasing the number of members to 25 stellar systems. Table 7 is adapted from Torres et al. (2003) and shows the members of TWA, with the addition of the members identified by Reid (2003) and Song et al. (2003) .
A.0.2. The Tuc-Hor/GAYA association
The Tucana and Horologium associations were discovered by Zuckerman & Webb (2000) and Torres et al. (2000) , independently. The former authors performed a search of comoving stars around IRAS sources, whereas Torres et al. searched for ROSAT sources around the active star ER Eri. Zuckerman et al. (2001a) proposed merging the two associations into one, the so-called Tuc-Hor association, due to their proximity in the sky and the similarities in their velocity components and age. Later, Torres et al. (2001) proposed the denomination GAYA association for the stars that belonged to the Tuc-Hor association and some other 6 http://www.am.ub.es/∼dfernand/YLA/ young stars in a region of the sky with an angular extent of about 60
• . Song et al. (2003) found new members of the association. Table 8 shows the members of the Tuc-Hor/GAYA association. The first two sections of the table show the data for the stars originally assigned to the Tuc association (nucleus and halo of the group). The stars originally assigned to the Hor association are shown in sections 3 to 5 (probable and possible members, and early-type stars). The sixth section includes the stars proposed by Zuckerman et al. (2001a) and the seventh section lists the stars identified as members by Song et al. (2003) .
A.0.3. The β Pic-Cap moving group
Since Smith & Terrile (1984) identified a dust disk around β Pic, determining the age for this A5V star has been a major goal in the field of planet formation. Barrado y Navascués et al. (1999) used the list of possible kinematic companions of β Pic to investigate the existence of a real moving group that could provide clues to the age of this star. Using accurate radial velocities, proper motions and parallaxes, Barrado y Navascués et al. (1999) found that 6 stars share the motion of β Pic, but only 2 of them have a common age. Zuckerman et al. (2001a) searched for members of the β Pic moving group in the Hipparcos catalogue and found 18 candidate stellar systems (including some members previously assigned to the Tucana association by Zuckerman & Webb 2000 and to the Capricornus association by van der Ancker et al. 2000 Ancker et al. , 2001 ) with a mean heliocentric distance of 35 pc. This mean distance meant that β Pic was the nearest moving group to the Sun (though a few years later this honour passed to the AB Dor moving group). The age of the group determined by Zuckerman et al. (2001a) is about 12 Myr. Song et al. (2003) added new members to the group, which has a spatial extent of about 100 pc. Ortega et al. (2002) studied the orbits back in time of the members of the β Pic-Cap moving group and found a kinematic age of 11.5 Myr. At that time the group was at a distance of about 45 pc from the centre of the LCC and UCL complexes in ScoCen. The authors believe that an explosion in the periphery of LCC or UCL 12.5 Myr ago could have triggered the formation of the β Pic group 1 Myr later. Table 9 lists the known members of the β Pic-Cap moving group: in the first section, there are those stars identified by Zuckerman et al. (2001a) and in the second section, those selected by Song et al. (2003) .
A.0.4. The ǫ Cha association
The Chamaeleon cloud complex was first studied by Hoffmeister (1962) , who identified several RW Aur-type variable stars, some of them showing Hα emission. Before the ROSAT mission, it was suspected that 14 stars were connected to the Chamaeleon region. The optical counterparts of the ROSAT sources identified several dozen new candidate PMS stars (Alcalá et al. 1995 . Thirty of them were confirmed through Li abundance calculations ).
The so-called ǫ Cha association was discovered by Frink et al. (1998; see also Frink 1999) , studying the kinematics of T Tau stars located not only in the cloud nuclei, but also in regions far away from them. Mamajek et al. (2000) added some stars detected by Terranegra et al. (1999) and Eggen (1998) to the group. Table 10 lists the known members of the ǫ Cha association, with data from Frink et al. (1998) Terranegra et al. (1999) and Mamajek et al. (2000) .
A.0.5. The η Cha cluster
The η Cha cluster was discovered by Mamajek et al. (1999) from observations made in 1997 using the High Resolution Imager (HRI) of the ROSAT satellite. ROSAT had previously detected four X-ray sources around the star η Cha, which were identified as weak-line T Tau stars (Alcalá et al. 1995; Covino et al. 1997) . From the HRI observations, 12 X-ray sources were discovered in an area of 0.2 sqr deg, each one with a prominent optical counterpart. Spectroscopic observations of these stars were made by Mamajek et al. (1999) and led to the stars being classified as PMS stars belonging to the η Cha cluster. The brightest stars in the cluster have similar parallaxes and proper motions in the Hipparcos catalogue, confirming the cluster's identity. Lawson (2001) and Lawson et al. (2002) A.0.6. The HD 141569 system Weinberger et al. (2001) searched around the triple star HD 141569 Hipparcos for candidates sharing distance and motion with this system. They found that two stars of spectral type A lie below or along the ZAMS, where the young A-type stars are placed. Table 12 lists the members of the HD 141569 system; a total of 3 stellar systems with 5 stars.
A.0.7. The extended R CrA association
In the solar neighbourhood, the densest nucleus of a molecular cloud is the dark cloud near the star R CrA (Dame et al. 1987) , which has an extinction of up to 45 magnitudes in the visible range. Several IR surveys have shown the existence of a large population of IR sources inside the cloud (see, for example, Taylor & Storey 1984 , or Wilking et al. 1997 . The age of the cloud has been estimated at between 1 Myr (Knacke et al. 1973 ) and 6 Myr (Wilking et al. 1992) . Marraco & Rydgren (1981) obtained a distance of about 129 pc for the cloud. The large error in the Hipparcos parallax for the star R CrA did not shed new light on this issue.
Since the 1970s, a few classical T Tau stars have been associated with the CrA dark cloud (see for example Knacke et al. 1973; Wilking et al. 1986; Wilking et al. 1992 ). More recently, Neuhäuser et al. (2000) conducted an optical identification program between the non-identified RASS (ROSAT All-Sky Survey) sources to find PMS stars in and around the CrA dark cloud. They found 19 optical counterparts that fulfil PMS star conditions; 2 of them are classical T Tau stars, whereas the other stars are weak-line T Tau stars. The spatial distribution of these stars does not show the proximity to the cloud observed in the former members. Another 21 possible members were found by Quast et al. (2001) in a region of the sky with a projected diameter of around 35
• . This fact led the authors to rename the group extended R CrA association. Table 13 shows the known members of the extended R CrA association. The two first sections include those PMS stars known before the ROSAT mission and 4 B-type stars that could also be associated with the CrA cloud. The third section lists the 19 new members, all of them T Tau stars, discovered by Neuhäuser et al. (2000) . The last section shows the two new members explicitly mentioned by Quast et al. (2001) among the 21 new members that they found.
A.0.8. The AB Dor moving group identified about 40 nearby stars that are moving through space together with the intensively studied star AB Dor. The mean distance to these stars is 32 pc, making it the closest group to Earth. The authors performed spectroscopic observations and derived radial velocities, rotational velocities and equivalent widths of the Hα and Li λ6708 lines. They estimated the age of the moving group as ∼50 Myr, comparing the Hα emission and absorption of the late K-and early M-type stars in the AB Dor moving group with those identified in the Tucana association. Luhman et al. (2005) estimated an age in the range 75-150 Myr using colour-magnitude diagrams. This would make the moving group roughly coeval with the Pleiades (τ ∼ 100-125 Myr; see, for example, Stauffer et al. 1998 and Meynet et al. 1993 ) and therefore much older than the other associations studied in this section. However, López-Santiago et al. (2006) found that the moving group can be split into two subgroups, with ages of 30-50 Myr and 80-120 Myr. On the other hand, Makarov (2007) proposes that the nucleus of the AB Dor moving group formed 38 Myr ago during a close passage of the Cepheus OB6 cloud. In any case, we can see that an age greater than 30 Myr is proposed in all works. Table 14 shows the members of the AB Dor moving group found by . The first section of the table includes the more probable members, and the second, shows stars whose membership of the moving group is questionable. 
